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Abstract: All over the world, highway traffic is increasing rapidly, as is the population and the road
network. The country’s maximum and minimum temperatures also vary greatly. Moreover, the pave-
ments are subjected to various types of damage. Pavement binders and mixtures are a constant area of
research and development for scientists and engineers. Adding fibers to bituminous mixes may improve
the properties of fatigue and strength of the material. Natural fibers may be used to improve asphalt
mixtures performance due to their inherent compatibility with asphalt cement and excellent mechanical
properties. Also, the high stone content and relatively high asphalt content in SMA mixture led to the
occurrence of drain-down of the asphalt mastic from the mixture, and this problem requires the use of
stabilizing additives such as cellulose fibers, mineral fibers, or polymers to mitigate this problem and
ensure long-term performance. The most public sort of stabilizing additives is cellulose fiber. Over-
all, natural fibers in stone mastic asphalt mixes are discussed in this paper. An additional focus is on
how asphalt concrete will be affected by natural fibers, mixing techniques, and managerial decisions.
According to the review, the stabilizing and strengthening impact of natural fibers on the performance
of asphalt mixes have been extensively researched. Natural fibers can significantly increase the rut and
flow resistance of asphalt mixtures. Adding natural fibers to pavement can increase structural resistance
to pavement distress.

Keywords: cellulose fibers, mechanical properties, natural fibers, optimum fiber content, Stone Mastic
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1. Introduction

Gap-graded asphalt mixture (Stone Mastic Asphalt) has a high proportion of coarse
aggregate, asphalt, and polymer or fiber stabilizers [1]. A high concentration of coarse
aggregate is necessary to provide the desired strength and durability, while an abundance
of mortar binder is required. This is due to the omitting of some fine aggregate in the
aggregate gradation of SMA mix, which requires compensation by adding more asphalt
binder [2, 3]. Stabilizing additives may be added to SMA mixtures to keep the asphalt
in the mix at elevated temperatures, reduce drain-down amid production, transport, and
laying, and improve overall performance [2,4-12]. Mineral and jute fibers are naturally
occurring fibers found in SMA blends. Synthetic fibers such as cellulose, polyester, and
polypropylene are examples of manmade fibers [13-15].

There are many primary functions of fiber reinforcement in asphalt mixes, including in-
creasing the tensile strength of the resulting asphalt concrete, and reducing the development
and spread of cracking that could weaken integrity of road pavement structure [14, 16].
Papers [17] and [18] found that fibers improve the service properties of the asphalt mixture
by forming micromesh in the asphalt mixture to prevent the asphalt from draining down
and thus increasing the mix durability AND stability [8, 19]. Asphalt mixtures with fibers
can withstand permanent deformation and fatigue cracking [7, 14, 16,20]. However, it was
discovered that natural fibers have high hygroscopicity issues, impeded free fibers distribu-
tion in the mixer, clumping tendency, and a high probability of scorching when free fibers
fall onto superheated inert material in the mixer [3].

In the case of mixtures with discontinuous grading, gap graded mixtures, the resulting
mixture tends to be more stable and possibly more resistant to rutting and fatigue cracking
due to stone-on-stone contact that could be provided by the coarse aggregate skeleton, while
the high binder content mortar provides durability [21-26]. In addition, the mineral filler
is more abundant in SMA than dense-graded mixtures, which have a higher percentage of
coarse aggregate. SMA is resistant to permanent deformation and is capable of providing
long-term behavior and strength [6, 27, 28], high resistance to reflective cracking and
low noise pollution [24]. Asphalt binder, mineral filler, fine aggregate, and stabilizing
additive typically make up the mortar. SMA mixtures’ tensile strength and cohesion can
be strengthened and improved with this stabilizing additive [23]. Nevertheless, drain-
down of asphalt binder and the relatively high initial costs could be mentioned as its
disadvantages [5,29].

Stabilizers and modified binders have been tested in SMA by researchers around the
world to reduce binder drain-down and improve performance characteristics. In SMA, [21]
used stabilizers such as styrene-butadiene-styrene (SBS), polyolefin, cellulose fiber and
rock wool fiber. Fiber stabilizers are more effective than polymer stabilizers in reducing
drain-down. Polymer-modified mixtures, on the other hand, performed better in rutting
resistance.

In 2006, Muniandy and Huat utilized natural cellulose fiber from oil palm to improve
the fatigue behavior characteristics of SMAs. It was seen that the utilization of cellulose
oil palm fiber (COPF) enhances SMA’s fatigue performance, tensile stress and stiffness,
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especially at a fiber content of about 0.6%. Research by [30] investigated the drain-down
values of SMA mixtures using three different sorts of cellulose-based modifiers. They found
all three cellulose-based additive SMA mixtures performed better than those without. A
study by [6] found no drain-down when using coir fiber in SMA and concluded that adding
fiber (coir) effectively controls the drain-down of SMA mixtures.

Natural fibers like hemp, sisal, coir, banana, and other types are used in the highway
industry today. The stability could be increased by increasing fibers in SMA and open-
graded-friction (OGF) mixtures. In addition, the use of natural fibers gives better strength,
and durability and prevents the drain-down of bitumen from the mix [5, 8, 19, 31-33].
Natural fibers have also been shown to be preferred over other additives in trials and
practical experience because they are easy to handle, temperature inert, and have the
optimal effect on reducing asphalt binder drain-down. Adding fiber to an asphalt mix
alters its viscoelastic properties [34]; improves the dynamic modulus [35], decreases the
mixture’s susceptibility to moisture [29], improves creep compliance and the resistance to
rutting [16]; and decreases the mixture’s reflective cracking [16,36,37].

The fiber content and length are critical issues affecting stability, flow, and volumetric
attributes of HMA mixes. Stability could be enhanced because of the fibers’ additional
resistance, while flow is reduced because of the fibers’ resistance to deformation. Because
of the fibers ability to absorb the asphalt binder needed to coat the aggregate, the air voids
will be increased [16,38]. Large fibers can reduce the aggregates’ contact points, resulting
in a decrease in stability and an increase in flow [39].

Many researchers have recently been interested in the use of fibers in asphalt modi-
fication. Recent studies have shown that fibers are more effective than polymer materials
at reducing drain-down of AC mixes in stone mastic asphalt and open-graded friction
courses [32]. Fiber—asphalt mixture has a slightly higher optimum asphalt binder content
than the pure asphalt mixture in terms of efficiency. When fibers are added, a similar analogy
can be drawn between asphalt and fine aggregates. Fibers, on the other hand, can be used
to keep asphalt from leaking due to the cling of asphalt to fibers [40]. This research shows
good moisture resistance, creep compliance, and rutting resistance for fiber—asphalt mix-
tures, in addition to low-temperature anti-cracking properties and longevity [40]. Asphalt
fiber modification is a complex process, however, the impact on pavement performance is
significant.

From the above, it is clear that the use of natural fibers in the industry is not new in the
field of improving the engineering properties of building materials to form a composite
structure with greater strength and less weight than traditional parts and also in reinforced
concrete, as well as insulators in buildings. However, the utilization of natural fibers in
bituminous mixes differs, as their main function is not to strengthen the asphalt mixture,
but as a thickener to bind asphalt to prevent unwanted drainage, especially in open-graded
mixtures such as stone mastic asphalt mastic.

Many Iraqi roads have been damaged due to harsh weather conditions, especially high
temperatures during the summer, which causes damage to the paving such as rutting and
fatigue. By reviewing previous recent studies, it has been shown that damage caused in
pavement can be reduced by gap graded mixtures such as SMA instead of conventional
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mixtures. In Iraq, SMA utilization is very limited due to a lack of specification. This acquires
appropriate investigations in the use of SMA and the proper additives and modifiers to
enhance the performance of the asphalt mixes. Usually, expensive synthetic fibers are used
to limit the drain down problem of SMA mixes. Replacing these expensive synthetic fibers
with renewable materials such as natural fibers is economically important. The current
research work reviews the effect of natural fibers as stabilizing agents in Stone Mastic
asphalt mixtures and their role in the engineering properties of the mixture.

2. Stone mastic asphalt

Stone Mastic Asphalt (SMA) was first introduced in Europe for its ability to withstand
damage from studded tires. A national standard was established in Germany in 1984
in recognition of its outstanding performance. SMA is a good option for long-lasting
pavements because of its well-enhanced field performance on test tracks and in other parts
of developed countries with a variety of climates [21,41,42].

Bituminous material with a high percentage of filler and coarse aggregate is known
as Stone Mastic Asphalt. A waterproof layer with good surface drainage is formed with
only 4% air voids and a high level of macro texture when the material is laid down. Due
to their flexibility, asphalt mixtures can resist permanent deformation caused by heavy
vehicle traffic without compromising pavement performance [11,27,29,33,43,44]. Fatigue
cracking and rutting along the wheel tracks of pavements are caused by traffic loads that are
repeatedly applied. Stone Mastic Asphalt (SMA) was developed in Germany in the mid-
1960s to address these issues. Gap-graded SMA is composed of a coarse aggregate skeleton
and a mortar with a high binder content, about 6-7% [27,29]. Stone-to-stone contact with
good interlocking and a high binder content mortar gives SMA its high concentration of
stability skeleton. Mortar typically includes asphalt binder, mineral filler, fine aggregate,
and stabilizing additive [17,45,46]. Mastic has a high concentration of binder, so it requires
stabilizing additives to keep the binder from separating out. Stabilizing additives in SMA
typically consist of polymers and fibers [2,47].

Intersections and other areas with heavy traffic have successfully benefited from the
use of Stone Mastic Asphalt. Stone Mastic asphalt is costly and this cost is related to
the addition of mineral fillers such as hydrated lime, stone dust and fly ash, fibers like
natural fibers and synthetic fibers, modified binder, and higher asphalt contents may be
possible [11,33].

3. Natural fibers

Growing awareness of the environmental impact of synthetic materials has led to
develop materials with eco-friendly properties. The academics are keen on developing
materials that can replace synthetics. As a result, natural fiber-based composites have
become increasingly popular in various industrial sectors. Natural fibers are lightweight,
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low-cost, renewable, biodegradable, and have high specific properties. The durability of
natural fiber-based composite materials has increased their use in various industries. It
is well documented that natural fibers’ major uses and their effectiveness are as polymer
composite reinforcement. However, the main disadvantage is the incompatibility and high
moisture absorption of natural fibers from plants and animals. Thus, chemical treatments
of natural fibers have improved the adhesion of fibers to the mastic and improved the me-
chanical properties of composites. Shortly, natural fiber will become a renewable resource
that could substitute synthetic fibers in many usages [48].

Depending on where they come from, natural fibers can be divided into bast (like jute
and banana) and leaf (like pineapple, screw pine, and henequen), or fruit or seed fibers
(coir, palm, and cotton). Natural fiber composites have been made using a variety of fiber
arrangements, including short-randomly oriented, long-unidirectional, and woven fabrics.
The best material for reinforcing bituminous mixes is fiber, the most common reinforcing
material [14].

Plant fibers include waxes, cellulose, lignin, hemicellulose, pectin, and other water-
soluble materials, as shown in Fig. 1. The presence of hydrophilic cellulose changes the
interfacial binding between the fibers and the polymer matrix. One method of optimizing
fiber-polymer interaction is to chemically treat natural fibers. Thus, it increases interfacial
interaction between OH functional groups on fiber surfaces and increases the roughness
of surface on fiber surfaces [48—52]. Table 1 presents the main components of some types
of natural fibers. Cellulose is the major structural component of natural fibers followed by
hemicellulose and lignin [14].

Lignin

Cellulose «| Natural Fibers b Pectin and wax

Hemicellulose

Fig. 1. Characteristics of the natural fibers [53]

Studies have proven that adding natural fibers could improve the fatigue resistance
of SMA mixes by increasing the tensile strength [7, 20, 54, 55]. SMA mixtures are also
superior at reducing drain-down and boosting resistance to long-term deformation [8, 19].
Additionally, they improve aggregate stone-to-stone contact and binder-aggregate adhesion,
which reduces SMA mixture stripping. Also, it was proven that SMA blends containing
natural fibers like sisal, coir, and banana fiber. Additionally, it was discovered that the
addition of natural fibers to asphalt mixes with higher crushing resistance helps to increase
their compressive strength [47].

Research by [9] investigated the use of various natural stabilizers such as coir fibers, oil
palm fibers, and Jute fibers and compared them with some artificial stabilizers like fibers
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Table 1. Structural composition of some natural fiber types [14]

Name of Cellulose Lignin Hemicellulose Pectin Wax l\ggii:;rte
the fiber (wt.%) (wt.%) (wt.%) (wt.%) (wt.%) (Wt.%)
Bast fiber
Jute 61-71.5 12-13 13.6-20.4 0.2 0.5 12.6
Flax 71 22 18.6-20.6 23 1.7 10.0
Hemp 70.2-74.4 3.7-5.7 17.9-22.4 0.9 0.8 10.8
Ramie 68.6-76.2 0.6-0.7 13.1-16.7 1.9 0.3 8.0
Leaf fiber
Sisal 67-78 8.0-11.0 10.0-14.2 10.0 2.0 11.0
mee igple 70-82 5-12 - - - 11.8

Seed fiber
Cotton 82.7 0.7-1.6 5.7 0.6 0.6 33-34

extracted from refrigerator door panels, fibers extracted from old machinery belts, and
glass fibers as drain-down retarders. The gradation of aggregate used in this study follows
the IRC specifications for nominal maximum aggregate size of 13 mm. It is specified that
the addition rate of cellulose fibers at a minimum of 0.3% with fiber length of 10 mm is
optimum. When contrasted with the control mix, the performance of SMA mixes was found
to be improved by the addition of inexpensive fibers as stabilizer additives. The stabilizers
were more effective at delaying the asphalt drain-down from the SMA mixes.

4. Utilization of natural fibers in bituminous mixes

The binder matrix may drain down in SMA mixes because of the gap-graded structure.
So fibers are used as stabilizers, preventing drain-down and increasing rut resistance. Fibers
like cellulose, mineral, polymers, and plastics are commonly used. However, various studies
are carried out using natural fibers like coir, sisal, banana, and jute fibers.

4.1. Bamboo fiber

Because of how the longitudinal fibers are aligned, bamboo fibers are also known as
natural glass fibers [56,57]. With 40 families and 400 species. This type of fibers is one of
the most prevalent trees in dense forests, especially in East Asia [58,59]. Bamboo fiber is
utilized as a polymeric reinforcement because it is light, cheap, strong, and stiff [48, 56].
Bamboo fibers have a high tensile strength in the fiber direction and a rough surface texture
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similar to lignin fiber. Also, bamboo fiber is thermally stable, which is a concern for
plant-based materials [55].

The literature review found few researches on utilizing bamboo fiber as road con-
struction material. Bamboo fibers reportedly increase concrete beam flexural strength and
elasticity modulus [61]. Using bamboo fiber increased the stability of SMA mixtures com-
pared to cellulose fiber or no fiber [62]. However, natural fibers may have properties (e.g.,
hydrophilicity, high moisture absorption, and low degradation temperature) that limit their
use in asphalt mixtures [55].

Paper [56] evaluated the use of bamboo fiber as a natural fiber in SMA and dense-
graded asphalt mixtures for improved performance. It is found that bamboo fibers reportedly
increase concrete beam flexural strength and modulus of elasticity, as well as increase the
stability of SMA mixtures. The optimal bamboo fiber contents for DG and SMA mixtures
were 0.2-0.3% and 0.4%, respectively (by weight of mixture).

Research by [62] investigate the mechanical properties of asphalt binders and mixtures
under a range of loading and temperature conditions. Performance tests showed that adding
bamboo fiber to asphalt mixtures enhanced their stiffness and cracking performance at an
intermediate temperature, but these benefits diminished at higher temperatures. The photo
of the bamboo fiber is shown in Fig. 2.

; / .
Fig. 2. Microscopic bamboo fiber [62]

4.2. Date palm fiber

Date palm is a fruit palm widely grown for its fruit. The date palm has around 19
species and over 5,000 cultivators worldwide [63, 64]. Date palms (Phoenix dactylifera
L.) are the tallest Phoenix species, reaching up to 23 m as shown in Fig. 3 [65, 66]. After
harvesting date farm fruits, date palm rachis and leaves accumulate in large quantities in
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various countries’ farming lands. These fiber types could be utilized as cellulosic fibers.
Leaves and rachis fibers could be utilized to reinforce thermoplastic and thermosetting
polymers.

The fatigue performance of stone mastic asphalt reinforced with oil palm cellulose fiber
was investigated by [22]. The common belief is that gap-graded mixes are more likely to
fatigue over time. Researchers used 0.2, 0.4, 0.6, 0.8, and 1.0% fiber by weight of pre-
blended cellulose fibers in PG64-22 binder. Properties such as fatigue life, tensile stress,
and stiffness were all improved in the modified binders. Fatigue resistance was greatest at
a fiber content of 0.6%.

Fig. 3. Date Palm Fiber [69,70]

4.3. Sisal fiber

Sisal is a widely used natural fiber. The rosette of leaves grows up to 1.5-2 m tall and is
native to southern Mexico [67,68]. However, the main producers of sisal fibers are Tanzania
and Brazil [69,70]. Sisal fibers are utilized in the automotive, shipping (for mooring small
craft and cargo handling), civil construction, elevator fiber cores, and agricultural twine
or baler twine industries, among others [70, 71]. Sisal is traditionally the most selected
agricultural material for twine binders due to long-term strength, ability to stretch, some
dyestuffs affinity, and resistance to saltwater deterioration, see Fig. 4 [33]. Short sisal
fibers delay restrained plastic shrinkage, which helps prevent early crack development, and
the material is resistant to moisture and heat. Sisal fibers are used to reinforce houses in
developing nations [14].

Research by [72] evaluated the use of natural fibers (sisal and coconut) in a SMA
mixture in the field of hot mix asphalt. Performances were compared with (i) no fiber
mixture, (ii) polyester fibers, and (iii) cellulose. Tensile strength and resilience modulus of
natural fiber blends showed high resistance to mechanical tests (Table 2). The mixture with
rubber-modified asphalt displayed the best fatigue behavior, while sisal, coconut shells,
and cellulose fibers produced barely different results.
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Fig. 4. Sisal fiber [33]

Table 2. Mechanical analysis of mixtures evaluated [72]

Mixture type Modulus resistant Tensile strength
(MPa) (MPa)
CAPFLEX B without fiber 3.077 1.1
AC 50-70 without fiber 7.306 0.9
AC 50-70 with cellulose fiber 6.417 1.1
AC 50-70 with coconut fiber 7.948 1.1
AC 50-70 with sisal fiber 7.193 1.0
AC 50-70 with polyester 5.629 0.8

SMA and DGA formulations that included sisal fiber as a stabilizer or additive were
the subject of research by [12] and [73] respectively. In both DGA and SMA blends,
0.3% was identified as the Optimal Fiber Content (OFC). Similar results were observed
when determining the optimal binder content (OBC) for DGA and SMA; 5% and 5.2%,
respectively. It is concluded that the addition of sisal fiber has enhanced the mix properties,
such as Marshall Stability, drain down, and indirect tensile strength.

4.4. Jute fiber

The countries of India, Bangladesh, China, and Myanmar are the primary producers of
jute [74,75]. After 4 months of cultivation, the jute plant will have grown 15-20 cm and the
fibers can be harvested. The retting process can be carried out chemically (using NoHgC, Oy,
Na,SO03, etc.) or biologically [77,78]. Wetting harvested stalks for around 20 days is a key
step in the biological retting process. In order to facilitate fiber separation, pectin is removed
from the space between the bast and the wood core before the materials are dried (see
Fig. 5) [48]. Fiber contains lignin in addition to waxes, sugars, minerals, and cellulose
(including hemicellulose). The yearly renewability of jute material is a plus, and it also has
the benefits of being strong, highly absorbent, environmentally friendly, biodegradable,
and compostable. Table 3 displays the jute fiber’s physical characteristics [13, 14].
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Table 3. Physical properties of Jute fibers

Property Result
Average fiber length 5 mm maximum
Moisture content < 10% by weight
Ash content (non-volatile) (%) 20

Research by [18] investigated coated jute fiber as a substitute to synthetic fiber in bitu-
minous pavement construction. According to the results, jute could substitute the synthetic
fibers in the SMA mixes. The permanent deformation of the fiber-modified mixtures was
identical, and the tensile strength ratio (97%) exceeds the limits of (70%). The construction
cost per metric ton of SMA blends prepared with natural fibers was 18% lower than that of
blends made with synthetic fiber. Jute has a good adhesion to asphalt, as evidenced by the
widespread use of asphalt-impregnated jute fibers. Therefore, it seems logical to suggest
jute as an asphalt overlay fabric. Paper [44] investigated the use of low viscosity binder-
coated jute fiber as a substitute to traditional SMA Mix fibers. Comparing the results, 0.3%
of the fiber was found to be optimal.

Research by [20] compared the behavior of stone mastic asphalt (SMA) mixes with
and without jute fiber. Two synthetic fibers (acrylic and polyester) and one cellulose fiber
(viscose) were considered waste fibers from automotive carpet manufacturing. Tests on
the SMA mixes included drain-down, Marshall Stability, Marshall Stability Ratio, tensile
strength, and compression strength loss. In addition, cohesion and internal friction angle
were calculated. The cellulose fibers outperform synthetic fibers in stabilizing the binder
content of SMA mixtures.

4.5. Cellulose fiber

Cellulose fibers are the most widely used in SMA mixtures. This fiber’s main component
is cellulose (C¢H}9Os),, where n = 1000. This safe organic fiber is abundant in nature.
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According to [79], it transports the bitumen binder and stabilizes it. Fig. 6 is a cellulose
fiber structural unit. Table 4 lists some of the cellulose fiber properties [78].

Fig. 6. Structural unit of cellulose fiber [78]

Table 4. Properties of Cellulose Fibers [78]

Property Unit Value
Specific Gravity - 1.5
Bulk Density glcc 1600
Average fiber length um 20-2500
Average fiber diameter Im 25
pH value - 3-11
Temperature resistance °C Up to 200
Solubility - Insoluble to water and organic solvent
Resistivity - Resistant to dilute acids and alkalis
Humidity B —Low .naftural humid-ity between 10 to 15%
— Humidity upon delivery up to 4-9%

Cellulose fiber does not chemically modify bitumen but improves the finished product’s
physical properties by allowing higher bitumen contents. As a result, the bitumen does
not run off the aggregate before compaction. Because cellulose fiber is fine and bulky, it
necessitates distinct equipment and procedures to be mixed. Cellulose fiber can be provided
in two basic forms: loose in small plastic bags for batch mixing [80], or mixed in by specially
modified plants [27]. If mixed with asphalt, it forms a pelletized form that is easy to handle
and add during mixing [27].

Natural cellulose fibers are physiologically and toxicologically safe. To stabilize the
mix, only 0.3% cellulose fiber is needed. A lot of SMA is done with these fibers. Paper [22]
investigated the fatigue performance of SMA mixes using COPF. They pulped COPF from
empty fruit bunches in several ways. They found that SMA mixtures with cellulose oil
palm fibers had better stability and resilient modulus.

Stone mastic asphalt and dense asphalt mixtures were compared in a study by [81] to
define the influence of fiber reinforcement on fatigue and rutting. The fibers (cellulose and
Polyacrylonitrile PAN) used in the test results have an impact on the material’s properties.
However, the difference in fiber use due to master curves is negligible. Fatigue behavior is
strongly influenced by fibers, however. Up to six centimeters can be saved on the road base
layer by using fibers. In some cases, plastic deformation can be reduced by up to 42%.
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4.6. Coconut or coir fibers

The husk of a coconut can be used to make fiber. Thicker than any other natural fiber
is coconut fiber. Coconut trees require warm, wet weather to thrive [2, 81, 82]. Coconut
fiber is superior to other natural fibers due to its high lignin content and low cellulose
and hemicellulose content, which gives it superior resilience, strength, damping, wear
resistance, weather resistance, and elongation at break. Ropes, mats, mattresses, brushes,
and many other products in the agricultural and building industries are all made from coir
fiber [14,33, 83, 84]. As can be seen in Fig. 7, coconut fiber has a distinct appearance [6].

F

Fig. 7. The appearance of coconut fiber [6]

Research [6] investigated the engineering properties of stone mastic asphalt containing
coconut fiber. Various SMA mixtures were tested for their drain-down characteristics, static
and repeated indirect tensile strength parameters, moisture susceptibility characteristics
(tensile strength ratio), and retained stability. The Marshall properties of SMA mixes can
be improved by only 0.3% coconut fiber. When fiber is included, SMA mixes benefit from
improved drain-down, indirect tensile strength, and fatigue properties.

The use of coconut fibers in SMA mixtures was studied by [10] SMA mixtures were
tested for drain-down, indirect tensile strength, resilient modulus, fatigue life, and moisture
susceptibility. According to the results, the addition of coconut fiber did not appear to
improve the cracking resistance of SMA mixtures; in fact, it reduced the number of cycles
to failure compared to cellulose-based SMA mixtures.

Papers [85-87] have investigated the properties of SMA mixes with coir fibers and
compared them with other types of natural fibers. The coir fibers were added to asphalt
concrete mixtures at different percentages by weight. The results revealed that the addition
of 0.3% fiber content was optimal for binder drain-down. The% drain-down proved coir
fiber superiority over other types of fibers.

Research by [8] investigated the performance of coir fiber as a stabilizing agent for
SMA mixtures. The engineering properties under static and repeated load conditions, as
well as moisture susceptibility, were studied. The coconut fibers were cleaned and cut into
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20-35 mm pieces to ensure proper mixing with the aggregates and binder. The addition of
coir fiber up to 0.3% enhances the engineering attributes of SMA mixtures.

Coir’s impact on SMA mixture compressive strength was studied by [42] Compressive
strength tests are carried out after a preliminary investigation is completed in order to
determine the resistance to crushing caused by traffic loads at a fiber content of 0.3%, all
stabilized mixtures reach their maximum compressive strength. The higher compressive
strength of coir fibers indicates a greater resistance to crushing.

4.7. Bagasse

Bagasse is a fibrillar component of many naturally occurring composites (wood, sug-
arcane straw, and bagasse) composed primarily of cellulose, glucose—polymer with a high
modulus. After crushing and extracting sugarcane juice, a fibrous residue of cane stalks is
left behind, increasing waste material [88]. To solve this issue, recycled sugarcane bagasse
is used to decrease agricultural waste and yield low-cost SMA pavement that is both durable
and reduces drainage issues. See Fig. 8 [89].

Paper [90] investigated the use of small cane fiber in improving the consistency and
flow of Stone Mastic Asphalt Mixtures. Small cane fiber is a natural fiber that is less cost-
effective than other non-traditional fibers. It has high tensile, flexural, and impact strength.
The results of SMA mixes with different stabilizers were compared. Stabilizers were used
up to 0.3% of the sample weight. Cane fiber can help improve SMA mixture stability.

5. Methods of sample preparation
The introduction of fibers can be accomplished in one of two ways: wet or dry. The

fibers are incorporated into the asphalt cement before the binder is added. Before adding
asphalt, the fiber is mixed with the aggregate in a dry process. The dry one is generally
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preferred over the wet one for a variety of reasons. The dry process is simpler, provides an
even distribution of fiber in the final product, and reduces fiber balling or clumping in the
mixture. In the meantime, the wet process does not appear to offer any unique advantages
due to the fibers used not melting in the asphalt [14,45,90].

6. Effect of natural fibers

6.1. Effect of natural fibers on mixture properties

Researchers have turned their attention to the effects of hybridizing natural and syn-
thetic fibers to enhance the fibers’ mechanical properties. As synthetic fibers have a high
initial cost, adverse environmental effects, and large energy demand, researchers began ex-
ploring natural fiber-based hybrid composites as an alternative. Natural fiber-based hybrid
composites in asphalt reinforcement have received little to no attention in the literature.
Table 5 shows effect of natural fiber on the mixture properties.

Table 5. Influence of natural fibers on the mixture attributes

% of added

Properties | Type of fiber fiber Ref. Main results
The optimum fiber content of the mix was
0.1%, 0.2%, . .
0.3% by the weight of mix for all the fiber
coir, sisal and 0.3%, and mixes
’ 0.4% by th 92 .
banana wei flt (}),f thee [92] Among all the fibers used, coir fiber shows the
g. best results, whereas sisal and banana fibers
mixture. . s
show same properties on stabilization.
According to the results, Bituminous Con-
(09%-0.8%) of crete (BC) has a fiber content of (0.4% ).
z sisal total [93] | When sisal fiber is added to a bituminous
'_g aggregates mixture, the mixture’s stability, durability, air
17} void, and flow value are all improved.
;: coir [94] | Enhanced fatigue life of bituminous mixes
é According to these findings, the addition of

coir stabilized and reduced the number of
voids as the flow rate decreased.

coir [95] | With a fiber content of 0.52% and a binder
content of 5.72%, 15 mm long fibers with
good volumetric and structural stability were
produced.

Lower binder content has resulted from fiber
reinforcement in bituminous mixes.

The addition of coir fiber increased the Mar-
shall Stability value significantly by 13%.

coir [96]

Continued on next page
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Table 5 — Continued from previous page

Properties

Type of fiber

% of added
fiber

Ref.

Main results

VMA

flocculent

lignin fiber,
mineral fiber,
polyester fiber,
blended fiber

(971

No statistically significant difference was
found between the stability of lignin fiber
and polyester fiber in the mixture evaluation.
In order to improve the performance of the
mixture, mineral fibers necessitated a much
higher fiber content than other fibers.

Air voids

(98]
[29]
[22]

Some fibers are better at absorbing oil than
others, and fiber content impact VV.

sisal fiber

0.4% and fiber
length 10 mm

[93]

1. It was observed that after adding Sisal
fiber by 0.4% and fiber length 10 mm, the
stability of the mix increases, but when
adding more than 0.4% fiber content, sta-
bility start to decrease.

2. It was identified that with increase in fiber
content and fiber length up to a certain
level, Air void and flow value decreases,
thus the consistency of asphalt changes
and becomes harder.

(38]
[16]

Due to a lack of binding material, the aggre-
gates are separated by voids, which results in
rising air voids.

Bulk
Specific
Gravity

flocculent

lignin fiber,
mineral fiber,
polyester fiber,
blended fiber

[97]

According to previous studies, SMA mixtures
with a higher fiber content may not necessar-
ily have a higher bulk specific gravity. Bulk-
specific gravity is reduced as a result of the
increased fiber content. Higher fiber content
in SMA mixtures also improves asphalt ab-
sorption and adsorption.

Optimum fiber content

[97]

The minimum content is above 0.3% for min-
eral fiber and above 0.2% for the other fibers.

coir fiber

10 mm length
fiber

[99]

The addition of 0.3% fiber is found to be the
optimum fiber content in SMA.

cellulose and
pelletized fiber

(27]

ITSM stiffness was increased by the addi-
tion of loose cellulose fiber up to an optimum
level, above which stiffness decreased rapidly.
Adding cellulose fibers such as this to SMA
necessitates careful monitoring. An increase
in the stiffness of the mix was observed when
pelletized fiber was added.
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6.2. Effect of natural fibers on mixture performance

SMA mixtures with different fibers as stabilizing additives are the subject of several
research studies. The fibers make aggregate contact between stones and enhancing the bond
between them easier. Reduced binder drain is one of the many benefits of including fibers
in a formulation; With a variety of locally available fibers, the scope of the SMA study can
be broadened. Table 6 shows the effect of Natural fiber on mixture performance.

Table 6. Effect of Natural fiber on mixture performance

Properties | Type of fiber | % of added fiber | Ref. Main results

The highest ITS value and the least per-
manent deformation were observed in
cellulose SMA samples made from 3% cellulose-
fibers and percentages GER (Made in Germany), according

. (0.1-0.5%) of the | [100] o
mineral fibers . to laboratory tests, indicating that fiber

total weight. .

(rock wool) type and content variation can lead to
significant changes in rutting perfor-
mance.

Wecrer?sg—_;fdof dfor The asphalt mixtures that included bam-
bamboo fiber . [55] | boo fiber had better resistance to rutting
mixtures and 0.4% .
for SMA mixtures. and low-temperature cracking.
Rutting Stabilizers made from jute fibers im-
proved rut resistance in natural fibers.
jute fibers, Stabilizing SMA with FERP in waste
waste fibers, [9] fibers improved rut resistance, as did
and Natural SMA mixed with FERP. Waste and syn-
fibers thetic fibers are less resistant to perma-
nent deformation when compared to nat-
ural and man-made fibers.
Small amounts (0.3%) reduce binder
drainage, but larger additions may have
unexpected effects on in-service prop-
cellulose and erties like cohesiveness, stiffness, and
. [101] . .
mineral fibers resistance to permanent deformation.
These properties must be taken into ac-
count if in-service performance predic-
tion is the goal of the project.
. Researchers compared SMA mixtures
ﬁ%ﬁiﬁf cellulose [29] made with waste fibers and cellulose and
damage fibers found that both moisture-induced dam-
age and rutting were the same.

Continued on next page
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Table 6 — Continued from previous page

Properties | Type of fiber | % of added fiber | Ref. Main results
° were 0.2-0.3% for Immersion Marshall and freeze-thaw cy-
é" bamboo fiber .dense- graded [55] clin.g tests shlowed that all mixtures were
3 mixtures and 0.4% moisture resistant to a satisfactory level
< . .
2 for SMA mixtures. in all cases.
Q
S _ - .
3 banana fiber Polymer: mOdlﬁf':d .SMA mlxtures were
= found to have similar resistance to rut-
o) (BF) and . . .
3 . [15] |ting, moisture-induced damage, and fa-
2 pelletized fiber . . .
‘B (VP) tigue compared to SMA mixtures with
= natural and pelletized fibers.
F“{)eitilrlzzzem The test results have revealed that the
. . use of fibers reduced the drain-down
coir fiber and concentrations, . -
. . [85] | value and maximum stability value for
pineapple fiber | ranging from 5.5% . A
coir fiber when compared with pineap-
to 7%, are chosen
. . ple fiber
for this analysis.
0.3% by total A greater rut depth (1.945 mm) was
sugarcane weight of SMA measured for SMA Mix that did not con-
ba fsse fiber mixtures and fiber | [89] | tain sugarcane bagasse fiber (1.635 mm)
& length of 6mm is Natural fiber has both ecological and
added economic benefits.
banana fiber Including natural and pelletized fiber in
(BF) and [15] the SMA mixture reduced binder drain-
§ pelletized fiber down and increased durability against
8 (VP) rutting, fatigue, and moisture damage.
=
= 4% to 7% of binder
R contents and fiber
content varied O to | [102]
0.5% maximum of
the total mix
As aresult of drain down tests, coir fiber
retards the drain down of the binder, and
coir fiber 10 mm length fiber | [99] | the 10 mm length and 0.3% fiber pro-

vides good results compared to the tra-
ditional mix.

jute fibers and
waste fibers

(9]

The rate at which asphalt drains is sig-
nificantly affected by the stabilizer type.
Compared to SMA mixes stabilized with
other fibers, those stabilized with FERP
exhibited less drain-down.

Continued on next page
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Table 6 — Continued from previous page

Properties | Type of fiber | % of added fiber | Ref. Main results

Traditional SMA mixture drain down
was higher than allowed, but all the ad-
ditives used were effective in reducing
[101] | it to meet the specified requirement. Us-
ing mineral and cellulose fibers as drain-
down inhibitors proved to be more effec-
tive than SBS.

cellulose and
mineral fibers

Fiber stabilizers have been found to be
more effective than polymer materials
in decreasing the drain-down of the
SMA mixture because of their absorp-
tive properties. The coir fiber additive
is the most effective of the fibers tested.
Both Sisal and Banana Fiber Mixtures
had similar Stabilization Properties.

Drain-down

coir, sisal,
banana fibers [42]
(natural fibers)

7. Conclusions

This paper’s subject was the use of natural fibers and their composites to alter asphalt
concrete, particularly SMA mixtures. The use of natural fibers such as coir, sisal, hemp,
jute, and palm in modifying asphalt concrete is reviewed. The following conclusions can
be drawn from the literature:

1. Bituminous mixture mechanical properties can be improved through the utilization

of natural fibers.

2. Natural fibers can be used as a substitution for synthetic fibers in SMA mixtures

because of their excellent adhesion to asphalt.

3. Natural fibers appear to increase the asphalt binder’s stiffness, resulting in stiffer

mixes with less binder drain-down and longer fatigue life.

4. Incorporating fibers into the mix helps to keep binders from drain-down.

5. Fiber-rich mixtures showed reduced void content and greater resistance to permanent

deformation compared to those without fibers.

8. Research works for the future

A key area of research in the utilization of fiber composites in asphalt concrete should
focus on fiber content, and length changes. Additionally, more effort must be done to
improve the fibers’ length, width, form, and orientation. Fiber-modified asphalt concrete
must also be tested in the field to determine the influence of the surrounding environment on
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test findings. The use of composite science techniques to model the mechanical properties
of fiber-reinforced asphalt concrete mixtures might be considered a new research area.

New jute-based products and technologies are constantly being developed through
research and development in both the producing and consuming countries. People around
the world are becoming more aware of the importance of maintaining a pollution-free
environment, and as a result, they are more likely to opt for natural fiber products, which are
both environmentally friendly and functional. Therefore, natural fiber industries necessitate
concerted efforts to ensure long-term viability. To increase demand on the global market,
it is necessary to raise the profile of natural fibers.
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